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Abstract

FFT’s contribution to the IVS as an Analysis Center will focus primarily on a combined analysis at
the observation level of data from VLBI, GPS and SLR using the GEOSAT software. This report briefly
summarises the current status of analyses performed with the GEOSAT software. FFI is currently
Analysis Center for IVS and ILRS, Technology Development Center for IVS, and Combination Research
Center for IERS.

1. Introduction

Recently, a number of colocated stations with more than one observation technique have been
established. In principle, all instruments at a given colocated station move with the same velocity
and it should be possible to determine one set of coordinates and velocities for each colocated
site. In addition, a constant eccentricity vector from the reference point of the colocated station
to each of the individual phase centers of the colocated antennas is estimated using constraints in
accordance with a priori information given by the ground surveys. One set of Earth orientation
parameters (EOP) and geocenter coordinates can be estimated from all involved data types. The
present dominating error source of VLBI is the water content of the atmosphere which must be
estimated. The inclusion of SLR data, which is independent of water vapour, gives new information
which will help in the de-correlation of atmospheric and other solve-for parameters and lead to
more accurate parameter estimates. These, and many more advantages with the combination of
independent and complementary space geodetic data at the observation level, are fully accounted
for with the GEOSAT software [2] developed by FFI during the last 15 years.

2. Data Analysis

A set of VLBI data from January 1993 to September 1999 has been analyzed. This analysis will
be referred to as the VLBI-alone analysis. A second analysis referred to as the combined analysis
was performed where SLR data for Lageos I and Lageos II from the same period was combined
with the VLBI data at the observation level using exactly the same strategy as for the VLBI-alone
analysis. The two analyses were performed in arcs of 24 hours using the GEOSAT software. The
arc-results were combined into a multi-year VLBI-alone and a combined VLBI and SLR solution
using the CSRIFS software [1]. The VLBI analysis model and analysis strategy are described in
Andersen [3]. Station coordinates and velocities were estimated simultaneously with the Earth
orientation parameters.

The results show that the use of SLR data in addition to VLBI data improves the precision
of the estimated polar motion parameters from 0.2 mas to 0.1 mas, it improves the precision of
the estimated UT1 parameters from 10 to 5 microseconds, and it improves the precision of the
estimated nutation parameters from 0.2-0.3 mas to 0.15 mas. The formal precision of the nutation
parameters indicates that the precision of these parameters in principle could be improved to the
level of 0.05-0.08 mas. The analyses show that the applied VLBI and SLR models are consistent
to a few mm.
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The results indicate that as long as SLR tracking of two Lageos satellites is available on a daily
basis it might be better to have, say 3-4 VLBI sessions a week, with many participating stations
rather than daily VLBI sessions with a small number of participating stations. The SLR data are
fully capable of producing high precision estimates of these parameters for days where VLBI data
are not available. Further investigations are necessary in order to determine the consequence of
enlarging (or reducing) the periods with no VLBI data on the precision of the estimates of the
Earth orientation parameters.

It is observed from the solutions for the radio source positions that the inclusion of SLR data
can lead to changes up to 0.3 mas in the estimated source coordinates. This is not unexpected
since the two Lageos satellites used in the present analysis are physical objects in addition to the
radio sources being used for the realization of CRF. It is a general trend in the formal uncertainties
that the standard deviation in the right ascension is slightly improved with the inclusion of SLR
data while the standard deviation in declination is significantly improved in some cases by as much
as a factor of four. This will be further investigated.

The results show that for the first time VLBI and SLR tracking data have been successfully
combined at the observation level. Furthermore, it is the first time satellite tracking data success-
fully have been used for the direct determination of nutation parameters. Based on the analysis
and preliminary experience with the combination of VLBI, SLR and GPS data the author is con-
vinced that the direct combination of high precision space geodetic data at the observation level
within ten years will be the primary method for the realization of terrestrial and celestial reference
frames and their interrelations.

More details of the analysis can be found in Andersen [4].

3. Prospects

In the near future GPS data for selected days will be incorporated in the analysis and combined
with the VLBI and the SLR data at the observation level.

4. Technical Staff

Table 1 lists the FFI staff involved in IVS activities.

Table 1. Staff working at the FFI AC and TDC
‘ Name ‘ Background ‘ Dedication ‘ Agency ‘

| Per Helge Andersen | geodesy | 40% | FFI |
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